Background: Unhealthy eating habits are a major problem among adolescents. The objective of the study was to assess the effect of a free breakfast club intervention on dietary habits among students at vocational schools. Methods: The study included students (n = 318) from four vocational schools in Denmark. Food frequency questionnaires were used to measure eating habits at baseline, first, and second follow-up, after 7 and 14 weeks respectively, in a clustered randomized controlled intervention of four months. The effect of the intervention was evaluated through self-reported frequencies of breakfast intake, intake of whole grain products for breakfast and intake of unhealthy snacking in the morning. The outcome measures were daily breakfast intake (yes/no), daily intake of whole grain for breakfast (yes/no), and unhealthy snacking on school day mornings (yes/no). Results: The proportion of students who had breakfast every school day increased significantly in the intervention schools from baseline to the first follow-up compared to the control group (OR: 3.77; P = 0.0149). The effect was attenuated at the second follow-up. The intake of whole grain products for breakfast increased significantly more among students in intervention schools compared to students in control schools both at first (OR: 4.13; P = 0.0079) and second follow-up (OR: 3.27; P = 0.0317). No significant change in unhealthy snacking was found.
Background
Breakfast is commonly recognized as an important meal to maintain good eating patterns and an essential source of macro-and micronutrients. Comparisons between breakfast eaters and breakfast skippers have shown that breakfast eaters are more likely to meet micronutrient recommendations than breakfast skippers [1] [2] [3] . In general, breakfast cereals provide a higher level of fibre, iron, folic acid, and zinc relative to a non-cereal breakfast [4, 5] . Moreover, whole grain (WG) cereals contain key components that are associated with protective effects against certain types of cancer, cardiovascular disease, diabetes, and obesity [6] [7] [8] . Considering these beneficial effects, a worrying portion of young people skips breakfast [3, 9, 10 ]. An American study reported that 31.5% of adolescents were breakfast skippers [3] . Furthermore, a cross-sectional Dutch study of youngsters in different subgroups, all attending school, showed that between 62.9 and 95.5% consumed breakfast every day [11] .
Further, breakfast skipping is not evenly distributed across the population. Adolescents and population groups with lower socioeconomic status (SES) are less likely to regularly eat breakfast compared to those with higher SES [12, 13] and fewer meet the recommendations for WG intake [14, 15] . The National Food Institute in Denmark has reported that 27% of the population eats the recommended WG amount of at least 75 g of whole grain per 10 megajoules per day [16] . The same report recommends that increased intake can be reached through the breakfast meal [16] . Additionally, eating habits acquired before and in adolescence seem to track into adulthood [17, 18] . It is therefore highly relevant to promote good eating habits among adolescents and young people, especially those belonging to the vulnerable population groups. Vocational schools provide a good opportunity to influence the eating habits of young people with low SES, such as those training for occupations as motor mechanics, carpenters, and electricians. Since the Ottawa Charter for Health Promotion, it has been realized that the environments where people live influence their behaviour considerably [19] . As a result, there is a strong rationale for intervening in the settings of everyday life by providing opportunity for healthy food choices. Following this, one way to increase opportunity and thereby affect the eating habits of young people is to increase the availability of healthy whole grain breakfast, for example in breakfast clubs. The concept of breakfast clubs, where schools serve breakfast to their students, was originally introduced as a strategy to provide a healthy meal to disadvantaged groups [20] . In order to increase the likelihood of making health promotion interventions persist beyond the intervention period, it is suggested that the intervention should preferably adapt the local context in which it is implemented [21] . This study implements a breakfast club under controlled program conditions but in a "real world" setting and where it is possible to adapt to the context. Breakfast clubs have been most commonly used in primary school settings and more seldom in the setting of secondary schools, e.g., vocational schools [9, 22] . In addition, studies are lacking on the effects of breakfast club intervention (BCI) based on WG products. The aim of this study was to investigate the effects of a BCI in a vocational school setting for adolescents by assessing selected eating habits among subjects exposed to a breakfast club intervention compared to schools without a BCI. In particular, the aim was to investigate whether the implementation of a BCI had an effect on the frequency and quality of breakfast eating of students and if there was an effect on the degree of unhealthy snacking in the morning.
Methods

Study design
School recruitment was established with a call for candidate schools. Schools fulfilling a set of eligibility criteria were interviewed and the final selection was made. Eligibility criteria for the schools to be part of the intervention were:
Willingness to serve whole grain breakfast during first lesson to a proportion of their students. Willingness to follow either control or intervention arms of the study, depending on the randomization. Willingness to pay expenses, e.g., extra cleaning, service, and milk connected to implementation of the BCI. Provision of vocational training for students wishing to become electricians or motor mechanics. Not currently providing a similar health intervention involving breakfast.
Four schools were included in the intervention and were randomly assigned to either an intervention or a control arm. Two of the schools (A and C) were allocated from rural areas and two (B and D) were allocated from urban areas. The latter schools were located at two different sites but belonged to the same institution. To ensure both a rural and an urban school in the intervention/control group a rural and an urban located school were randomly combined. Afterwards these blocks were randomly selected for either control or intervention by an independent co-worker that allocated schools (cluster level) by the means of concealed envelopes. To ensure willingness to participate in randomization with the chance of not serving breakfast to students, control schools received breakfast after the intervention had finished, from August 2012.
The study was performed in accordance with the guidelines of the Declaration of Helsinki and complied with the regulations on nonclinical trials by the National Committee on Health Research Ethics in Denmark [23, 24] . Participants were all older than 16 years of age. Written consent was received through answering the questionnaire. As such, I informed participating students, in writing through a participant information sheet and orally, about the purpose of the study, the use of data and that answering questionnaire was voluntary. The survey did not require approval from Data Protection Agency, which was confirmed by the Aalborg University Data Protection Unit. The current study is registered at the Aalborg University Contract Unit under the id: 2018-899/ 10-0068. The study adheres to CONSORT guidelines.
To implement the BCI, intervention schools served a free whole grain breakfast every school day as part of the first lesson; this occurred either in the classroom or in a small cafeteria. The breakfast consisted of a choice among four WG cereal products. The cereals contained between 80 and 100% of WG. One school served bread rolls once a week (Friday); the bread rolls contained more than 50% of WG. All products met the guidelines for WG content in food products as stated by the National Food Institute [16] . Control schools carried on as normal without the availability of free breakfast. The duration of the intervention was approximately four months, from early March to late June in 2012. The study design encompassed three measurements: baseline, performed just before the initiation of the intervention, in week 0 (February 27-March 2); first follow-up in week 7 and 8 after baseline (April 16-27) and second follow-up performed from week 14 to 16 after baseline (June [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Figure 1 shows the design of the study with timeline, measurements, and school allocation to either control or intervention. All measurements occurred before lunch and during class. The researcher was present during measurements and introduced the questionnaire to the students, collectively in class, before the questionnaires were handed out. Additionally, the researcher remained available to answer questions or provide assistance and also collected the questionnaires after completion.
Subjects
Student participants attended one of four vocational schools that are within the Danish vocational education and training programmes. The programmes, between one and one-half years and five years in length, consist of a basic and a main course; in addition to completing classroom education, students must attain competence within an internship in a business. A total of 111 vocational specializations are available, of which areas such as building/construction and electricity/management/IT are typical [25] . To produce a homogenous study sample, recruitment was targeted to students from educational programs that were common in the included schools. Overall, the sampling can be characterised as intentional but with elements of convenience sampling [26] in the sense that it depended on students' willingness to enrol voluntarily. The study included 318 students. The study population was not entirely uniform at the three measurements. The number participants at each measurement are illustrated in Table 1 . Although subjects' names were indicated on questionnaires associated with the three measurements, in order to track students over time, names were removed during data processing to ensure confidentiality.
Basic characteristics of the participating students are given in Table 2 .
Questionnaire
Dietary intake was measured by questionnaire and included questions on frequency of breakfast intake, type of breakfast, and frequency of snacking unhealthy food in the mornings. The questionnaire comprised 29 questions that encompassed demographic information, behavioural involvement, and attitudinal questions. Questions were divided into seven sections: demographic information, transportation to school, breakfast habits, morning eating habits, breakfast served at school, well-being in school, and food habits in general (Additional file 1). Here we focus on the questions that elucidate the study's aim.
The section on breakfast habits included six questions, of which two were used in this paper. Besides breakfast habits unhealthy snacking in the morning was included in the paper. The breakfast habit section began by defining breakfast as food or drinks consumed before 9 AM. Breakfast consumption was self-reported via a frequency scale and was formulated as a recall question of the previous week's total breakfast consumption during weekdays. The scale was: all 5 days, 3-4 days, 1-2 days, and 0 days. In the same section, a breakfast food frequency question assessed the whole grain content of students' breakfast eating habits, focusing on intake in the prior school week. Choices included 13 common types of breakfast possibilities, with a frequency scale of four possibilities ranging from all five school days to none. Consequently, these two questions were considered applicable to investigate the research aim, which was to elucidate whether the BCI had an impact on dietary habits compared to no intervention. Dietary habits were assessed through collection of data on regularity of breakfast intake, quality of breakfast (interpreted as containing WG), and whether unhealthy snacking was affected.
Furthermore, students were requested to recall their level of snacking on school day mornings (i.e., 9-11 AM) in the previous week, marking 11 types of snacks on a frequency scale (all 5 days, 3-4 days, 1-2 days, 0 days). Overall, food and beverage items included in the food frequency questions were informed by previous reports about what constitutes contemporary eating habits in the Danish population among children and young people (4-24 years old), and short-educated adults, where the highest completed education is primary school or vocational education [27, 28] .
The questionnaire, which was developed for this study was inspired by two similar questionnaires [29, 30] . And was pretested among a group of six students attending a vocational school and subsequently modified to achieve more clarity and avoid possible misinterpretations.
Dietary outcomes
The selected dietary habit outcomes were all dichotomized. The question concerning frequency of breakfast intake was recoded into daily breakfast eaters if subjects consumed breakfast all school days (yes/no). Similarly, to assess the intake of WG breakfast products, a food group of WG products was created among several food items. Thus, students were divided into two categories, yes or no, for eating either WG cereals or WG bread at five school days. Unhealthy snacking habits in the morning were defined by the intake of candy, chocolate, chips, fast food, cake, crackers, or Danish pastries before lunch. A variable for unhealthy snacking was defined as the intake of these five items, for all five school days a week, as a yes/no construct.
Missing data
The questionnaire response rate was 98%. Seven questionnaires were not filled out and excluded from analysis. If participants reported an intake of foods in a category but answers were missing for other food items in the same category, the answers for these food items were interpreted as "never".
Statistical analyses
All analyses were done with an intention-to-treat approach. Intention-to-treat analysis is relevant because it includes all participants in both the intervention and control groups regardless of whether they accepted or adhered to the intervention (i.e., if they actually ate the breakfast served) [31] . SAS V9.3 (Cary, North Carolina, USA) software was used to perform the statistical analyses. They included descriptive statistics of respondents at baseline. Further, the fitted generalized linear mixed model (SAS PROC GLIMMIX procedure) was used to analyse whether there was a significant difference between control and intervention schools over time in regard to the main outcomes. For all GLIMMIX procedures, the fixed effects were condition and time (time of measurement) and their interactions. Random effects were school, id, school*time, and id*time.
Results
The descriptive statistics at baseline showed that there was significant difference (p < 0.05) between control and intervention group in education type of programme the students were enrolled in. There were no statistically differences in other descriptive variables of participants (Table 2) . At the first follow-up, there was a significant increase in the proportion of students who had breakfast (daily breakfast eaters) in the intervention group (OR: 3.77; P = 0.0149) compared to the control group. At the second follow-up, the effect attenuated and was no longer significant. The overall development during the whole intervention period was nonsignificant (P = 0.1657).
There were significant increases in the proportion of students who had WG products for breakfast in the intervention group compared to the control group. These positive significant differences were found both at the first follow-up (OR: 4.13; P = 0.0079) and at the second follow-up (OR: 3.27; P = 0.0317). However, the overall trend during the whole intervention period was nonsignificant.
No significant differences were found across the study period in snacking on unhealthy foods in the morning (data not shown).
The used fitted generalized linear mixed model is able to analyse longitudinally studies with repeated measures over time that contain both independent and not independent observations; this capability includes, as for this study, analysis of the same individual with repeated measures that are not uniform throughout measurements [32] . Additionally, the model takes clustered sampling into account (e.g., students who attend the same school have common characteristics).
Discussion
Results from this study showed significant beneficial effects of a BCI on quality of breakfast intake and breakfast skipping among students at vocational schools. No associated effect was found regarding unhealthy snacking behaviour in the morning.
However, the study showed that the persistence of the change in daily breakfast intake frequency was weak and not significant over the entire intervention period. The persistence might be improved by a whole-school approach, or it might require political prioritization and external funding, because most vocational schools currently have insufficient funds to implement such a program. The lack of persistent effects was also seen in a study by Ask et al. that was performed in a lower secondary school. The 54 students in the study received one hour of information about the importance of a healthy diet, and an intervention arm received free breakfast and food supplements for four months. Meal patterns, measured by a food frequency questionnaire, showed that almost all students had breakfast at school while the intervention lasted. However, one week post-intervention, all students in the intervention group had returned to their normal breakfast pattern [33] . Eating habits are complex, and it is proposed that they extend beyond repeated behaviour. Establishing and changing existing habits may need elements such as situational factors and self-regulation skills to be effective [34] . The challenge of changing sustained eating habits may lie behind the non-persistent breakfast eating behaviour. The attenuation in the proportion of daily breakfast eaters could also be explained by the bias sometimes referred to as the Hawthorne effect, where an intervention affects subjects' behaviour due to their participation rather than the intervention per se [35] . In this case, an initial interest was seen among the students when the breakfast club was first implemented, yet this effect faded and thus the proportion of daily breakfast eaters was reduced.
Students in intervention schools, in the present study, significantly increased their intake of WG products. These findings are concordant with results from a study of the impact of a national free healthy breakfast program [36] . Students (9-11 years) in 111 primary schools in Wales were enrolled in a clustered randomized controlled trial with repeated cross-sectional design and a 12-month follow-up. Intervention schools served a healthy breakfast before school. The results showed that children from schools that served breakfast ate significantly more healthy food items (cereal, bread, milk, and fruit) for breakfast compared to control schools. Although the study by Murphy et al. is different from the present study in numerous ways, the results of healthier breakfast intake are parallel. Accordingly, the intake of WG products during breakfast at both the first and second follow-up was higher in the intervention group than in the control. It may be that members of the intervention group have substituted some of their usual (not WG) breakfast with whole grain breakfast and this is reflected in the attenuation of breakfast intake frequency and the sustained difference in WG intake. However, the length of the intervention is probably not long enough to establish a permanent change in eating habits.
Compliance with dietary guidelines is recommended to gain a balanced diet and lower the risk of developing non-communicable diseases. The Danish dietary guidelines contain 10 recommendations, e.g., "Choose whole grains" and "Eat more fish", and each recommendation is accompanied with more detailed recommendations and suggestions for how to achieve the goal [37] . The Danish recommendations for a healthy breakfast meal are in accordance with the overall guidelines and suggested to contain fruit or vegetables, WG bread, or WG cereal products supplemented by skimmed milk or low-fat dairy products [38] . In the present intervention, schools offered breakfast meals that were in line with the Danish recommendations regarding WG, and through this intervention they potentially increased WG intake among students. However, because the main focus was on a single component in the dietary guidelines, it could be argued that the intervention under-prioritized other healthy foods.
The longitudinal design strengthened the present study by allowing for exploration of the development of food habits over time in the BCI. The addition of a measurement in the middle of intervention (between baseline and post-intervention) provided an opportunity to explore whether there was an initial effect that attenuated in the second follow-up.
Questionnaires were handed out and completed during class, where the majority of students were present and given time to respond. In this way a high response rate was achieved. Another strength was that the researcher was present to assist students who had questions about completing the questionnaire, and the researcher also could detect incomplete answers when the questionnaires were collected. This kept missing values to a minimum and ensured a more complete data set.
Although food frequency questionnaires have been accepted as a method for estimation of intake, its shortcomings are well discussed in the literature [39, 40] . Due to time and financial constraints, the questionnaire was not validated, an omission that carries the risk of the questionnaire not measuring what was intended. To compensate, the questionnaire was pretested. The chosen procedure to replace missing values may have introduced bias because the true value is unknown and the substitution can alter statistical results [41] .
As stated in a report from the Danish Ministry of Education [42] , Danish vocational and educational programmes are in general gender segregated. In the same report figures, from 2015, show that the area of technology, building, construction, and transportation was attended by 30,038 males but only 3448 females (88.53 and 11.47%, respectively), while health care and pedagogy was attended by 2481 males and 15,916 females (15.59 and 84.41%, respectively) [42] . The gender segregation is also illustrated in the present study, in which the majority of participants were male (95.6%) ( Table 2 ). This is due to the traditional male predomination in the chosen programmes. Because the sample does not resemble the general population or other types of educational programmes (e.g., health care and pedagogy), this is a study limitation that limits its external validity.
The statistical analysis would have been stronger if repeated measurements had been performed in a larger sample. Although agreement about measurement times was reached with school managers prior to study initiation, it was difficult to obtain repeated measurements. This affected the type of statistical analysis chosen (i.e., the GLIMMIX procedure). Because participant groups were predetermined, a statistical power calculation was not performed due to the practical limitations of expanding the sample. Finally, differences were significant between each measurement and the baseline, but the overall trend was not significant. Hence, results need to be interpreted carefully.
There was a statistical difference in baseline descriptive statistics as students in control and intervention groups were enrolled in different types of educational programmes. This difference may have had an impact on the results as students attending different programmes may have different breakfast habits.
School managers, policy makers, and NGOs can benefit from the results of the study, which reveals strategic opportunities to improve health through the provision of healthy breakfasts in school settings. School management has the authority to improve food policies in the schools. Policy change might have the ability to improve the eating environment and produce healthier eating habits [43] . One challenge, however, is that most schools are located in areas with purchase opportunities in the surrounding environment. To gain knowledge about possibilities for creating change, it is essential to take a holistic approach, where surrounding environments are included. The government has the opportunity to prioritize healthy eating surroundings in school settings and to provide essential funds to schools to implement changes. NGOs should exploit openings to achieve a healthier lifestyle for all young people regardless of socioeconomic status. As shown by O'Loughlin et al. [44] , it is challenging to achieve persistence in interventions. The Canadian study investigated a total of 189 health promotion interventions and found that six in 10 did not achieve permanent sustainability. The authors further suggested that to obtain sustainability in interventions, and perhaps sustained change in behaviour, certain factors seem to be important. These include staff who work without payment and the presence of program champions [44] . This might be obtainable through collaboration between a NGO and local champions. A longitudinal study in which the breakfast club's effects on eating habits are followed for a longer time would benefit research. It is critical to elucidate the breakfast club's ability to even out the inequity in health-related behaviours that are related to socioeconomic status.
Conclusion
In conclusion, the present study showed that introducing a BCI improved the quality of breakfast intake and reduced breakfast skipping among students at vocational schools. No effect was found on snacking behaviour in the morning. Breakfast clubs provide a strategy that authorities may use to improve the eating habits of population groups that are prone to unhealthy eating habits, especially young people with low SES. This study contributes to the research about breakfast availability in schools in a fairly unstudied population group. The results suggest that breakfast clubs may be a public health strategy to improve eating habits among young people from low SES groups. However, more research is needed to find effective ways to improve the sustainability of such interventions. 
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